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ABSTRACT

This paper develops scenarios of dectricity demand in China until 2010, a a
nationa, a sectoral and a regiond leved. It takes into account the recent

meacroeconomic downturn in the Chinese economy and the potentid effects of
deregulation and price increases in the power sector. The medium-growth
scenario hints a a gross eedricity demand of 1,500 TwWh in 2010; should the
structurad change from agriculture and heavy industry towards light industry

and services acceerate, eectricity demand may be another 10% lower. These
figures are dgnificantly below the projections fixed n the government’s Sth
Five-Y ear-Plan, which forecasts a demand of 2,500 TWh. The aggregate and
sectord scenariosimply that current development plans for generating capacity
and coal consumption until 2010, too, need to be scded down. The
disaggregation at the leve of the 13 inter-provincid and provincid power grids
hints a potentid regiond discrepancies: the large industria aress in eastern

China and the Centrd region are likely to face overcapacity, whereas North

China and the peripherd regions may face deficits.
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INTRODUCTION

China nowadays consumes over 10% of worldwide primary energy, wheress
itssharein globd GNP is only 3.5%. Contrary to development countries, both
the energy- and the dectricity-intengty of GDP have been beow unity over
the last decade, resulting from a determined policy of energy conservation
(Sinton, Levine and Qingyi, 1998). However, market forces, competition and
full-cogt pricing are dill largdy contained in the Chinese energy sector;
environmenta costs are not fully taken into account (Gan, 1998). With the
decisons of the Chinese government to forster market economic reform, the
energy sector, too, isfacing anew era, where quantitative indicators of growth
may be replaced by market economy criteria. The 10" five-year plan, which is
to be negotiated in 2000 and implemented in 2001-2005, may aready
incorporate such new orientations. In particular, the electricity sector may
undergo fundamenta changes from a system of local, state- owned monopolies
to open competition, and eventualy even privatisation.

Energy demand forecasts have traditiondly played a key role in the Chinese
development planning process. The government uses aggregeate approaches to
determine future energy consumption; thus far, bottom-up approaches are not
practised. By contrast, the literature on the energy sector has developed more
sophisticated models, such as adjusted input-output analysis (Garbaccio et dl.,
1999), and cointegration and vector error-correction models (Chan and Lee,
1996). However, dl authors agree that the significance of the results is
significantly reduced by data problems. For example, no serious, mode-based
demand forecast exigts for the eectricity sector.

In this paper, we adopt a pragmatic gpproach to forecasting dectricity
production and consumption patterns in China in the next decade, at the
nationd, sectord and regiond levds. We chalenge the officid forecasts by
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integreting the perspective of regulatory changes in the sector. Indeed if
electricity is to become a “market good”, then demand may not increase as
dragticaly as officia forecasts are predicting; thus, the required increase in
generation capacity, too, may be lower than expected. The paper is structured
in the following way: the next section provides a brief introduction to recent
developments of the Chinese dectricity sector. Subsequently, we develop
eectricity demand scenarios until the year 2010, applying different
assumptions to a Cobb-Douglas function, which is consdered to reflect the
nature of demand developments properly. The aggregate scenarios are
differentiated by income and price developments (that is high, medium and low
growth). Then, two desegregated scenarios are outlined: the sectord scenario
captures different possible development paths of the Chinese economy, thet is
fast dtructurd change againgt dow gructurd change. The regiond scenarios
andyse future generation capacities and consumption & the leve of the seven
inter-provincid and six provinciad power networks. The last section discusses

some policy implications.

THE CHINESE ELECTRICITY SECTOR ON THE EVE OF THE 10™

HVE YEAR PLAN

The Chinese dectricity sector grew at two-digit rates in the early 1990s, but
since the mid-1990s it has gone off the growth track prescribed by the 9"
five-year plan (1996-2000). Generation capacity is expanding steedily, but its
development is not as fast as forecasted five years ago. The ingtalled capacity
of about 270 GW (1999) is significantly below the 300 GW planning figure
(1990: 138 GW, 1995: 217 GW). On the consumption side, the devidtion is
gtill more evident: due to the generd economic downturn, the decreasing share
of energy-intensive industry and the lagging pace of restructuring of insolvent
date enterprises, eectricity demand has grown less than expected; the Asian
crigs (1997/98) has aggravated things. The ratio of eectricity-GDP growth
has fadlen further (see Table 1). The discrepancy between generaion and

consumption may eventudly even produce a phenomenon new to the
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developing Chinese economy: overcapacity. Traditionaly a sdlers market,
power utilities are now facing the danger of being put up against competition
by ther dients and are struggling to keep dl of their plants running. Temporary
shutdowns - unheard of in former years- have been reported.

Table 1. Economic development and energy consumption in China, 1980-
1998

ABOUT HERE

The development perspectives of the power sector are further clouded by the
aggravation of fundamenta structurd problems that have haunted the country
since the beginnings of large-scae dectrification in the 1960s. The imbaances
between resource-rich regions and dectricity-consuming regions have grown
over time. Power exchanges between producing and consuming regions are
limited due to the segmentation of the grid: China congsts of not less than
sven inter-provincid and dx provincid grids, mog of which are not
interconnected. Cod, the only relevant fossl fud in the power sector, is
available in the Northeast and the underdeveloped regions of the North and
Inner Mongolia. Complex transport schemes are required to supply the
consuming coadtd regions in the East of the country.® Hydropower, once
considered to be the way out of the shortege, is in fact facing the same
dilemma, with resources concentrated in the centre of the country (Y dlow and
Yangtzi rivers with affluents), thousands of kilometres away from the

3 Cod trangports account for 40% of the total commercid rail transport.
Trangport costs account for about haf of cif prices, for example Northern
Chinese coal shipped to Shanghai costs about USD 40 per ton of coal
equivaent, whereas Austraian imported cod stands at about c.i.f. USD 25
30. Gas does not play arolein the nationa power system; gas production is
margind and it is localy concentrated. Smilarly, ail resources, which are
plentyful in the Northwest, are too far away from consumers to be
commercidly exploitable (Hirschhausen and Andres, 1999).
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dectricity-hungry  regions4 The dructurd imbadances are  sometimes
consdered a technica issue that can be overcome by providing the required
trangport infrastructure (Todd, 1996). However, this additiona infrastructureis
adso expensve and implies transmisson losses, be it the new Eas-West
railway corridor (Shenmu to Huanhua), the Y u-We dag pipdine from Shanxi
to Shanghai, or additiond high voltage transmisson lines from the Three
Gorges and other inland power stations to the coast.

The “soft landing” of the power sector comes at a time when groundbresking
deregulation of the sector is for the first time being serioudy consdered by the
government. Thus far, the sector has been dominated by date-owned
monopolies at the Central and provincid levels. The abandoning of the branch
Ministry for Electric Power has lead to a de jure separation between the
management of the sector (State Power Corporation) and its regulation
(Power Bureau within the State Economic and Trade Commission). The SPC
is & the same time de facto owner and regulator of the sector. It conceives the
country-wide development plans and gpproves al mgor new projects. It is
aso responsble for setting out the principles of cost accounting, where a
dudity between “socidist” and “capitdis” price cdculaions has emerged in
recent years.® However, ambitious reform plans to liberdise the power sector
have been adopted (Yao, 1999, Andrews-Speed, 1999). As a first step, a
wholesale market is to be st up by 2005 with a single-buyer model to create
competition between producers. In asecond step, large consumers will be free

to choose their suppliers directly; and findly, the retall market will be fully

4 Nuclear power has yet to prove its religbility in the Chinese context, with 2
GW of ingdled capacity and 7 GW under congtruction.

5> Old power plants, dating from the sociaist period and fully depreciated, only
cdculae vaiable cogs (fud) and fixed costs for personne and
maintenance). By contrasts, power plants dating from the recent reform
period and financed with loans - the so-cdled “capitdid plants’ - have to
include the capitd costs and an gppropriate return on investment in ther
cods. Thus, capitdist plants are about 20% more expensive than socidist
ones, even though their therma efficiency is higher and they pollute less.
Thus, if direct competition was introduced without further regulatory
adjusments, socidist plants would clearly out-compete capitalist ones.
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liberdised. The inditutiona separation between power generation and the
network has dready been introduced sx pilot regions (Liaoning, Jnin,
Heilongjian, Shandong, Zhgiang, Shanghal).

Deregulation and competition will put the power sector on a more solid
economic basis, but they will adso contribute to further destabilising the long-
term planning targets. Given the threat of overcgpacity and unknown effects of
deregulation, the State Power Corporation has declared a generd halt to new
development projects.® The policy of putting the “large fire¢* (da huo) on hold
is to be implemented againg the will of provincid governments, who stand to
lose their polluting, yet existing, power generation base.

On the other hand, the officid discourse continues to prescribe double-digit
growth patterns of eectricity consumption and corresponding plans of
generation, transmission and distribution capacities. The 9" Five-Year Plan
requires a doubling of generation capacity from 270 GW (1999) to over 500
GW in 2010. Likewise, gross eectricity production is supposed to increase
from the current 1,200 TWh to 2,500 TWh. However, given the upcoming
dructural changes in the power sector, it no longer seems useful to apply
traditiond, linear growth projections. The following three sections sketch out
an dternative, hands-on approach.

6 Exemptions are only possible for so-cdled “clean cod technologies* (i.e.
fluid crculation, desulphurization and denoxification equipment), for gas
fudled power plants, combined heatand-power units (CHP) and pump-
storage plants. Older power plants, the thermal efficiency of which is about
30% lower than of new ones, are to be shut down earlier than origindly
scheduled.
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AGGREGATEELECTRICITY DEMAND TO 2010

The moddl, data and assumptions

There are no established models for forecasting eectricity consumption in
China’ In the policy-oriented perspective that we adopt in this paper, the
margind gans from gpplying complex modds in this context are limited.
Therefore, we apply a smple Cobb-Douglas function as shown in equation
(1), assuming constant income and price eadticities as well as an autonomous
increase in energy efficiency (AEEl). While this is dearly a second-best
solution, it can produce a set of results relevant to the current policy debate. 8

? 2 i ?
E _ ,)ZGD P2010 3 ) 2 P2010 g ? (1 -g ) 2010-19% ??E (1)
2010 at)GD P 5 t) P ) 1996

1996 - 1996 -

where

E, = Electricity consumption in t

GDP, = Gross Domestic Product in t

P, = dectricity price (relative to consumer price index) in't
a =income dadticity of dectricity demand

b = price dadticity of dectricity demand

" Edimating parameters of Chinese aggregate energy demand is aready full of
pitfals. An atempt to forecast energy demand was undertaken by Chan and
Lee (1996) usng 1953-93 data in a cointegration and error-correction
model. However, due to data problems and different levels of
disaggregation, different research comes to different results on identica
issues; the most recent examples are Garbaccio et d. (1999) and World
Bank (1993), developing different reasons for China's faling energy-output
ratio.

8 We did run some regressions on price- and income dadticities of dectricity
demand between 1980-98, but the results were implausble and
econometricdly inggnificant. Data going back to the Maoigt period, thet is
pre-1979, can not be used due to the socidist nature of the economic
environment at that time. The formula.is designed according to Horn (1998).
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g = autonomous energy efficiency increase (AEEI)

The parameters are set upon plausibility considerations: the income dadticity of
electricity demand @) was below unity over the last seven years, with an
average of dightly above 0.7, down from 0.8 for the 1980-89 period. This
trend corresponds to the decreasng energy-output retio of the Chinese
economy in the post-Mao reform period since 1979, when the energy use per
unit of GDP fdl by over 50%. The decreasng energy ntendty has been
explained by increasing technicad efficiency, which more than compensates the
effects of structural change (Garbaccio, et d., 1999, Sinton, et d., 1998). This
result is in line with estimates for other countries in economic transformation,
such as Poland and Hungary (Dobozi, 1988). The long-run dadticity is likey
to be even smdler, as the renewd of the capitd stock will accelerate the
improvements in energy efficiency. We opt for an income eadticity of 0.7, but
will run sengtivity andyss for higher and lower vaues

The price dadticity (b) is more difficult to estimete. Energy price increases in
China have been rather dow in the 1980s, and prices today are lower than
they need to be in the future. Evidence from other transformation and
developing countries suggests that demand can vary greetly with price
variations, reaching absolute levels of -0.1 to -0.3 in the short run, and up to-
0.7 or even -1inthelong run.® Based on these considerations, we hold a price
dadicity of -0.2 to be redigtic, and will run sengtivity andyses with other

vaues. Nothing concrete is known on the autonomous efficiency increase of

eectricity consumption (g), which is generaly assumed to exist independently
of price effects; it is estimated here a the usua 1 per cent annudly.

9 See Pesaran, Hashem and Ron Smith (1993), Horn (1998), according to
which this approach is designed, and the discusson in Erdmann, Georg
(1995): Energietkonomik. Stuttgart, Teubner, pp. 227ff.. Chan and Lee
(1996) estimated a price eadticty of -0.9 for aggregate energy demand in
China
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We introduce between different scenarios in order to catch possible economic
developments: scenario | (*high growth®), scenario Il (“medium growth®) and
scenaio Il (“low growth"). These reflect different GDP growth rates and real
price developments. Based upon a review of the exiging literature on
meacroeconomic and ingtitutional perspectives of the Chinese economy, our
own discussons with managers and researchers of the Chinese energy
industry, and congderations of plaushility derived from other studies, we

meake the following assumptions on the exogenous parameters.

- GDP has been buoyant over the last decade, though voices challenging the
sugtainability of this growth peth are increasing, not only in the wake of the
Asan crisis® Double-digit growth rates being unlikdly in the medium-term, a
likely estimate for the high growth scenario seems to be 9% per year. On the
other hand, should China caich a late Asan criss contagion, including a
banking crigs, ingability of the exchange rate and so on, a lower vaue of
about 4% is not overpessmistic. The medium growth scenario lies in between,
at 6.5%;

- energy prices need to be increased in order to reach a minimal economic
leve, including full cost recovery and appropriate profitability.! Higher
production efficiency can limit the required price increases only to a certain
extent. It seems that al cost components are facing upward pressure: capital
expenditures for modern new buildings, environmenta <Standards, new

10 Deutsche Bank Research (various issues): Country Briefs Asia Ching
Fukasaku, Kiichiro: China's Long March to an Open Economy; OECD
Development Centre Studies, Paris, 1994. Taking an historical perspective
on Chinese economic development, Maddison (1998) uses a 5.5% average
compound growth rate until 2015 (4.5% per capita GDP growth, 1%
population growth). Ho, Jorgenson and Perkins (1998) use yearly GDP
growth assumptions of 4.5%, 6,5% and 7.6% for the slow-growth, medium-
growth and high-growth cases, respectively. The IMF has reduced its
growth forecasts for the year 2000 to 6%.

11 The average price of dectricity of about 350-400 CHY/MWh does not
cover total production codts; it is estimated that they need to be increased by
33-50% to attain cost recovery. For an overview, see Andrews-Speed et
a. (1999).
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transmisson and digtribution infrastructure; raw materid cods (as long as
domestic cod remains the dominant fud); and profit payments, should the
commercidisation and hardening of budget constraints proceed.? The higher
the economic growth, the easier it will be to implement red energy price
increeses. A yearly increase of 3%, assumed for the medium-term growth
scenario, would yied a relative ectricity price increase of about 50% in the
year 2010; this increase also seems to be a reasonable target to attain full cost
recovery by 2010. Should economic growth be lower (scenario I11), red
price-increases may be politically constrained, say to 2% p.a On the other
end, in the high growth scenario, rising living standards may lead consumersto
require higher dectricity standards, for example environmenta protection,
increased rdiability, ingtaled load, and other quaity aspects. This requires
more investments, and thus higher price increases. The price scenarios aso
include the risk of a devduation, which would increase capitd expenditure for
about one-third of equipment (imports).

Three minor assumptions are made with respect to network and other losses,
both of which are higher than in other developing countries. Should the
modernisation of the sector proceed according to the principles set down by
the government, then this is likedly to lead to an above-average reduction of
losses. Therefore, going beyond the exogenous efficiency increases dready
embodied in the mode, we assume that network losses fal from the current
7% of gross production to 5%, and other losses (including own losses) fall
from 15% to 12%. Exports and imports do not play any significant role; we
assume the export share of gross production to be congtant (0.4%). The
reference year is 1996, that is the last year for which an energy baance

according to |EA standardsis available.

12 1n 1997, the State Power Corporation, owning assets of CHY 742 bn,
made a pre-tax profit of CHY 8.8 bn. only, that is a return on equity of
1.2%, not much for a verticaly integrated monopolist; see State Power
Corporation (1998). Taking into account the unpaid bills of an estimated
CHY 20 bn, SPC even makes losses..
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Results

Table 2a presents the full set of assumptions and results of the scenarios for
aggregate find dectricity consumption and gross production. In the medium:
term growth scenario |1, find dectricity consumption in 2010 rises to about
1,240 TWh, which is “only* 48% above the 1996 vaue, and gross dectricity
generation even rises less, due to increased efficiency in generation and
digtribution (39% to about 1,500 TWh). In the low growth scenario, no. IIl,
find eectricity consumption increases only by 20% to 1,000 TWh, which is
even lower than 1996 gross production. The high growth scenario, no. I,
implies an increase of find eectricity consumption of about 81%. Though
highly aggregate, the results aready carry one important message: eectricity
demand in the year 2010 may be dsgnificantly lower than prescribed in the
current officia government plans. Even the results of the high growth scenario |
(1,831 TWh) are more than one fourth below the 9 five-year plan, requiring
2,500 TWh of gross dectricity production in 2010. A comparison between
these three scenarios and other inditutions' forecasts is shown in Figure 1.

Table 2a: Scenarios of aggregate electricity consumption to 2010

ABOUT HERE

Table 2b: Sengtivity analyss of results with respect to income and price

dadicities

ABOUT HERE

Figure 1: Comparison of demand scenarios to 2010 with other forecasts

ABOUT HERE
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The lower pat of table 2a shows the digribution of gross eectricity
production by generation source, and the primary energy required for this
production. According to government plans, coal will remain the dominant
source, with only a small decrease from 77% to about 70%. However, the
projected increase in power plant efficiency (from 30% in 1996 to 35% in
2010) will reduce the requirements for primary cod as well. In the medium:
growth scenario, primary cod requirements are 258 Mtoe, only 8% above
1996 requirements. This is in contrast once again with the officia government
plans, which forecast cod consumption for use in power plants of about 350
Mtoe.

A sngtivity andyss  shows the results under different eadticity assumptions.

For the sake of amplicity, theresult s are related to findl e ectricity consumption
of the medium-growth scenario only. Table 2b shows the relative deviations
from the scenario Il (medium-growth) for the combinations of three different
income eadticities and price dadticities; the index usal in the scenario 11 (148,
resulting from an income dadticity of 0.7 and a price dadticity of -0.2) is
normaised to 100. The sengtivity andyss shows that the income dadticity is
clearly the dominant variable: a reduction of the income eadticity fram 0.7 to
0.5, holding the price dadticity congant, yields a 16% lower find dectricity
demand, whereas an increase of the income eadticity to 0.9 would increase
fina demand by 20%. Yet the highest possible deviaion from our estimates
(eg. the combinations 0.5/-0.4 &t the lower extreme, 0.9/-0.1 a the higher
end), do not change the findings significantly: even the results of the higher end
(24% above the medium-growth scenario, or 1,860 TWh) would still be about
one fourth lower than the officid governmental forecast.™®

13 Interestingly, the results of our high growth scenario converge with the
forecasts made in China about 10 years ago. Lu (1993, p. 171) cites the
plans made in the late 1980s: dectricity generation by 2010 was assumed to
be 1,950 TWh.
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DISAGGREGATE ELECTRICITY DEMAND AT THE SECTORAL

LEVEL

In order to broaden the scope of the scenarios, a sectora disaggregation is

introduced. Electricity intensities per value added differ between the sectors,
hence different developrrent paths will have different implications for dectricity
consumption. If, for example, the development of the service sector in the
Chinese economy is as dynamic as often assumed, then dectricity consumption
would be much less affected than in the case of the traditional growth path
based upon industria development. The disaggregate mode requires estimates
of the development of the economic sectors, mainly industry as by far the
largest consumer of find dectricity (about two-thirds), but aso of agriculture,
the service sector and the residentia sector. The Cobb-Douglas function is
gpplied to each of the sectors individudly, in order to obtain disaggregate

electricity consumption. We make two further assumptions:

- The sectora composition of vadue-added. Given the expected structural

change of the Chinese economy from an agriculturd and heavy-industry based
system towards high-tech and service activities, it seems reasonable to assume
thet the share of agriculture in GDP will dedline; that the share of industry will
decline as well, athough somewhat less dradticaly; and that the share of the
services activities, including trangport, will increese. The speed of structura

change will depend on the overadl economic development: structura change
will be fecilitated in a high growth environment, whereas low growth tends to
favour conservatism. We adopt the following two scenarios for dructura
change: scenario R for rapid structurd change, and scenario S for dower

change (Table 3). The basis of the structural scenarios is the medium growth
assumption of 6.5% economic growth and 3% increase of red dectricity

prices per annum.

- We introduce a differentiation of income adticities, based upon the idea that

the accderation of dructurd change in indugtry will lead to rdaively lower

consumption increases in this sector as compared to the agriculturd or service
13



sectors. This reflects the accelerated change within the industrid sector, from
heavy indugry to light and high-tech industries. The dfference between
income eladticities between industry and other sectors is 0.1%. Likewise, we
assume that income eadticities are lower in the scenario of regpid structural

change.

For each of the sectors of the economy, an individua growth scenario is
calculated, usng the assumptions specified in Table 3. The growth of the
resdentid sector is assumed to be smilar to the overal growth of find

electricity consumption, as caculated in the medium-growth scenario no. 1.

Table 3: Disaggregate scenarios by sector: assumptions and results

ABOUT HERE

The lower part of Table 3 presents the results of the disaggregate scenarios of
find dectricity demand for the year 2010, in index form with reference to
1996 and in absolute figures. The scenario of dow gdtructurd change (11-S) is
amog identica with the above aggregate scenario 11; the dightly higher share
of servicesis compensated by a higher income eadticity assumed for the non
industry sectors. However, the scenario of rapid change (II-R) implies
ggnificantly lower fina dectricity consumption (about 1,140 TWh). If this
result were to be generdised, it would mean that the aggregate scenarios need

to be corrected by about 10% downwards.

Industry will continue to dominate find dectricity consumption, athough its
share will decrease from 68% to 65-67%. The fastest growing sector, thet is
sarvices, will not even double its eectricity consumption. The increase of the
resdentia sector may eventudly turn out to be higher than the estimated 48%,
if resdentid and rurd dectrification proceed fagter than planned, and the
current bottlenecks in dectricity distribution are eased.
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DEMAND AND SUPPLY AT THE REGIONAL LEVEL

China's power indudtry is not a homogenous block, but rather regiondly
diversfied, with a very uneven distribution of resources, generation capecity
and find dectricity consumption. A regiond disaggregation may therefore
enhance the policy relevance of the scenarios further. Therefore we also assess
demand and supply to the year 2010 at the leve of each of the 13 inter-

provincid and provincia power grids.

- Regiond dectricity demand depends on the 1997 level and on regiond
economic growth. The growth of each region is assumed to be a function of
the average growth rate for the period 1994-1997. The rate of aggregate
economic growth, i.e. the GDP-weighted average of regiond growth retes, is
6.5% per annum, as specified in the medium-growth scenario (see Table 44).

- On the supply Side, we assume that developments will proceed according to
the governmentd plans, but a a somewhat dower pace. Thus, capacity in
2010 will hover around 400 GW. The digtribution of generation capecities
among the regions, according to government plans, is shown in column 5 of
Table 4b. * Assuming an average yearly running-rate of 4,500 hours, we
obtain the potentia gross dectricity generation in the year 20102° The regiond

scenario does not take into account the interconnection projects that are only

in aplanning Sage.

14 357 GW of the totd capacity are dready specified in large-scale power
plant projects (State Power Corporation, 1998); we assume that the
remaining 43 GW will be digtributed according to the provincid share of
tota generation. The only exception is the Shandong provincid grid, for
which we were able to verify atarget of 25 GW, dightly above its current
share.

154,500 hours seems to be on the low side, but it corresponds to current
utilisation rates (1997: 4,613 h); it dso takes into account the ‘naturd’
overcapacities required by regular maintenance work, etc. In this verson of
the scenario, we do not distinguish between different sources of dectricity, in
particular between cod and hydropower.
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Table 4a Economic key-figures for Chinese regions

ABOUT HERE

Table 4b: Regiond dectricity generation and consumption by 2010

ABOUT HERE

Figure 2: Regiond dectricity surplus and deficits to 2010

ABOUT HERE

Table 4b and Figure 2 show the results of the regiona scenario to the year
2010: potentid gross generation (supply, column 6), required generation
(demand, column 7) and - as the difference between the two - likdy
overcapecities or shortfal of dectricity in each of the 13 grids (column 8).1
The results are counter-intuitive a firgt sght: the large indudtrid aress in the
East of the country are likely to have overcapacities in 2010 (Eastern China
Power Network, South China Power Network, Fujian, and Hainan Provincia
grids, Hong Kong). However, this result can be explained by the particularly
amhbitious generation development projects in the industrid and commercia
heartland of China Similarly, the resource-rich, but less developed regions
(Northeastern Power Network, Centrd China) have an ample supply. By
contrag, North Ching, induding the bet from Shanxi through Bejing to
Tianjin, is likely to face undersupply, and may require imports or additiona
cgpacity. Not too much significance should be given to the results for the
autonomous regions of Xinjiang and Xizang (Tibet), due to their margind share
in GDP and dectricity consumption.

16 The tota gross dectricity consumption in the regiond scenario (table 4b:
1,609 TWh) differs from the one obtained in the aggregate scenario (table
2b: 1,499 TWh) for two reasons. the regiona scenario is based upon 1997
date, efficiency gains are alump-sum 5%. However, this difference does not
change the message of the scenario.
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CONCLUSIONS

The scenarios indicate that the trend of fast growing eectricity demand in
China may be dowing down. Modest macroeconomic growth coupled with
ggnificant price increases will contain the Chinese power sector within limits
well below the current governmentd plans. Even with higher economic growth,
sructurd change towards less eectricity-intensve activitieswill support dower
consumption increases. The figures of the 9" five-year-plan seem to be
overoptimistic. A revision of eectricity demand projections seems necessary,
including a critica analysis of future generation requirements and raw materia

consumption.

We have shown that under the current governmental development plans, some
regions may face overcapacities by the year 2010. In particular, the industrid
centres in the East of the country and aong the seashore may be facing
overcagpecity. This is somewhat contradictory to other andyses implying that
these regions may face power shortages in the medium-term. If our estimates
are right, then the current projects for interconnection need to be revised:
instead of creating high capacity AC- and DC-lines between Centra China
(Three Gorges, Ertan) and the coas, interconnection at the local level would

suffice to increase supply security.

The great unknown is the future competition policy. If introduced at the leve of
eectricity generation, competition is likdy to imply an accderation of the
restructuring from older to modern power plans. However, a condition for this
is that the government introduce measures to induce far pricing, including
capital cogts for sate enterprises and environmenta (externd) costs. High-cost
coa producers and coal-based power plants stand to lose market shares. The
socia consequences have to be cushioned in order to ensure political support
for reforms. A shift from quantitatively to more quditatively oriented growth,
induding environmental aspects, is possble in China, but it requires a
sgnificant effort by the Centrd and Provincid governments to foster

competition policiesin the sector.

17



List of References

Andrews- Speed, Philip and Stephen Dow (1999) Reform of China's Electric
Power Industry. mimeo, University of Dundee.

Andrews- Speed, Stephen Dow, Aijuan Wang, Jn Mao and Bin Wei (1999)
Do the Power Sector Reforms in China Reflect the Interests of
Consumers? The China Quarterly, 158, June.

Chan, Hing Lin and Shu Kam Lee (1996) Forecasting the Demand for Energy
in China. The Energy Journal, 17(1), 19-30.

Dobozi, Istvan (1988) An Empiricd Estimation of the Price Responsiveness of
the Hungarian Economy: The Case of Energy Demand. In: Trends in
World Economy, Budapest, Hungarian Scientific Council for the World

Economy.

Gan, Lin (1998) Energy Development and Environmental Congraintsin China
Energy Policy 26(2), 119-128.

Gao, Yan (1999): Reform and Development of the State Power Corporation
of China Addressto the 1999 China Business Summit, Beijing.

Garbaccio, Richard F., Mun S. Ho and Dale W. Jorgenson (1999) Why Has
the Energy-Output Ratio Falen in China? The Energy Journd, 20(3), 63-
91.

Hirschhausen, Chrigian and Michad Andres (1999) The Chinese Energy
Industry a the Eve of the 50" Anniversary of the People’s Republic -
The Great Hame Put on Hold. Economic Bulletin, 36(10), October.

Ho, Mun S, Dae W. Jorgenson and Dwight H. Perkins (1998) China's
Economic Growth and Carbon Emmissions. In: McElroy, Michad B., et
al. (eds) Reconciling Environmental Protecion and Economic Growth,

Cambridge, MA, Harvard University Press, 301-341.

Horn, Manfred (1998) Energy Demand in Ukraine to 2010, unpublished
sudy, Belin

18



Hollander, Jack (1997) China and the New Asian Electricity Markts. The
ERPI Journal, 22(5), 24-30 September/October.

Lu, Yingzhong (1993) Fudling One Billion - An Ingder’s Story of Chinese
Energy Policy Devdopment, Washington, D.C., The Woashington

Indtitute.

Maddison, Angus (1998) Chinese Economic Performance in the Long Run

Paris, OECD Development Centre Studies.

Pesaran, Hashem and Ron Smith (1993) Alternative Appraoches to Edimating

Long-run Energy Demand Eladicities. An Application to Adan
Developing Countries University of Cambridge, DAE Working Paper
No. 9308.

Sinton, Jonathan E, Mark D Levine and Wang Qingyi (1998) Energy
Efficdency in China: Accomplishments and Challenges. Energy Policy
26(11), 813-829.

State Power Corporation (1998) Electric Power Indudry in China Beijing;

China Electric Power Information Center.

Todd, Daniel (19969 North-South Energy Resource Trandfers in China and
the Port Intermediary. Tijdschrift vor economische en socide gegréfie,
87(3), 195-208.

Wiesegart Kurt (1998) Die Stromversorgung in der VR China. Hirschberg,

Pacific Conaullt.

World Bank (1993) China: Energy Consarvation Study. Washington, D.C.;
World Bank, Report No. 10813-CHA.

19



Table 1: Economic development and energy consumption in China 1980-1998

Year | GDP Growth | Primary energy |Primary energy| Primary energy Final electricity Final electricity | Electricity demand [ Nominal electricity | Real electricity
(%) demand (mn. t demand demand growth/GDP consumption consumption growth/GDP price index price index
sce) growth (%) growth (Twh) growth (%) growth (1980=100) (1980=100)
1980 7.8 602 1.0 0.1 276 2.2 0.3 100 100
1981 4.5 594 -1.3 -0.3 284 2.9 0.6 100 97
1982 8.8 620 4.4 0.5 302 6.3 0.7 100 94
1983 10.3 660 6.5 0.6 324 7.3 0.7 100 90
1984 14.6 709 7.4 0.5 349 7.7 0.5 100 86
1985 12.7 766 8.0 0.6 381 9.2 0.7 100 80
1986 8.3 808 55 0.7 417 9.4 1.1 110 84
1987 11.0 866 7.2 0.7 462 10.8 1.0 120 86
1988 11.0 930 7.4 0.7 509 10.2 0.9 133 78
1989 4.0 969 4.2 1.0 545 7.1 1.8 146 66
1990 5.2 987 1.9 0.4 580 6.4 1.2 169 84
1991 9.3 1038 5.2 0.6 632 9.0 1.0 189 99
1992 14.2 1092 5.2 0.4 702 11.1 0.8 207 106
1993 135 1160 6.2 0.5 781 11.3 0.8 277 149
1994 12.6 1227 5.8 0.5 866 10.9 0.9 316 138
1995 10.5 1312 6.9 0.7 928 7.2 0.7 320 98
1996 9.6 1390 5.9 0.6 999 7.7 0.8 366 119
1997 8.8 1420 2.2 0.2 1045 4.6 0.5 409 152
1998 7.8 1374 -3.2 -0.4 1072 2.6 0.3 446 193

Sources: China Statistical Yearbook 1998; International Energy Agency "Energy Statistics and Balances of Non-OECD Countries 1995-1996"; BP Amoco "Statistical Review of

World Energy 1999"; Wiesegart, 1998; author's calculations




Table 2a: Scenarios of aggregate electricity consumption to 2010

Scenario | rapid Scenario Il Scenario Il slow
growth moderate growth growth
Unit 1996 2010 2010 2010
Assumptions
GDP Growth and electricity price inflation
GDP % p.a. 9 6.5 4
Index 100 334 241 173
Real electricity prices % p.a. 4 3 2
Index 100 173 151 132
Electricity demand coefficients
GDP elasticity (a) 0.7 0.7 0.7
Price elasticity (b) -0.2 -0.2 -0.2
AEEI* Rate (¢) % 1 1 1
Transmission losses % 7 5 5 5
Plant requirements and other
losses % 15 12 12 12
Net exports % 0.4 0.4 0.4 0.4
Results
Electricity consumption
Final electricity consumption Index 100 181 148 121
TWh 835 1,512 1,238 1,008
Transmission losses TWh 77 92 75 61
Plant requirements and other
losses TWh 165 220 180 146
Net exports TWh 4 7 6 5
Gross electricity generation
Electricity generation TWh 1,080 1,831 1,499 1,220
Gross electricity generation by source
Coal % 77 70 70 70
Oil** % 4 4 4 4
Gas % 0 3 3 3
Nuclear % 1 3 3 3
Hydro % 17 20 20 20
Coal TWh 832 1,283 1,050 855
Oil** TWh 43 73 60 49
Gas TWh 3 55 45 37
Nuclear TWh 14 55 45 37
Hydro TWh 188 367 300 244
Primary energy requirements
Coal efficiency % 30 35 35 35
Oil/Gas efficiency % 35 40 40 40
Coal Mtoe 238 315 258 210
Oil** Mtoe 11 16 13 11
Gas Mtoe 1 12 10 8

Sources: Statistical Yearbook of China 1998; International Energy Agency "Energy Statistics and Balances of Non-OECD

Countries 1995-1996"; authors' calculations

*Autonomous Energy Efficiency Improvements

** Predominantly used in coal power plants in the start-up phase

1 Mtoe = 11630 GWh




Table 2b: Sensitivity analysis of final electricity consumption

Price elasticity Income elasticity
0.5 0.7 0.9
-0.1 88 105 124
-0.2 84 100 120
-0.4 77 92 110
in %, calculated for scenario Il (medium-growth)




Table 3: Disaggregate scenarios by sector: assumptions and results

Scenario Il R Scenario Il S
rapid change slow change
Unit 1996 2010 2010
Assumptions
GDP Shares
Agriculture % 175 12 16
Industry % 49 46 48
Services, Transport, others % 335 42 36
GDP-Growth (1996=100)
Agriculture Index 100 166 221
Industry Index 100 227 237
Services, Transport, others Index 100 303 260
Total Index 100 241 241
Income elasticities

Industry 0.6 0.7
Other sectors 0.7 0.8

Price elasticities
All -0.2 -0.2
Results

Final electricity consumption

Agriculture Index 100 114 151
Industry Index 100 131 146
Services, Transport, others Index 100 174 172
Residential* Index 100 148 148
Total Index 100 136 149
Agriculture TWh 62 71 93
Industry TWh 570 745 833
Services, Transport, others TWh 90 156 154
Residential TWh 113 168 168
Total TWh 835 1,139 1,248

*Corresponding to the general electricity growth (Scenario 1)
Sources: Statistical Yearbook of China 1998; International Energy Agency "Energy Statistics and

Balances of Non-OECD Countries 1995-1996"; authors' calculations




Table 4a: Economic key figures for Chinese regions

GDP 1997 GDP-Growth
Network Provinces (Bill. CHY) p.a. (1994-97) Composition of GDP 1997
Services,
Agriculture Industry Transport, others

Northeast PN (NEPN) Heilongjiang, Jilin, Liaoning, Inner Mongolia 875 9.5 18 51 31
North China PN (NCPN) Shanxi, Hebei, Beijing, Tianjin 848 12.5 13 48 39
East China PN (ECPN) Jiangsu, Shanghai, Anhui, Zhejiang 1,735 14.5 15 52 33
Central China PN (CCPN) Jiangxi, Hunan, Hubei, Henan 1,225 14.0 25 45 30
Northwest PN (NWPN) Qinghai, Gansu, Shaanxi, Ningxia 255 9.0 21 41 38
South China PN (SCPN) Yunnan, Guizhou, Guangxi, Guangdong 1,177 12.0 29 45 26
Fujian PG (FIPG) Fujian 300 15.5 19 43 38
Shandong PG (SDPG) Shandong 665 13.0 18 48 34
Sichuan & Chonging PG (CYPG) Sichuan, Chongging 467 10.5 25 42 33
Hainan Provincial Grid (HNPG) Hainan 41 5.0 37 20 43
Xinjiang Autonomous Region (XJAR) 105 9.0 27 39 34
Xizang Autonomous Region (XZAR) Tibet 8 15.0 38 22 40
Hong Kong Administrative Region 1,376 5.0

Source: China Statistical Yearbook 1998




Table 4b: Regional electricity generation and consumption by 2010

1) &) (3) 4 (5) (6) ) 8)
Potential Required
GDP- Generation Generation Electricitysurplus
Growth Capacity Generation Capacity 2010 (Supply) (Demand) / -deficit (TWh)
Network p.a. (%)* 1997 (GW) 1997 (TWh) (GW) 2010 (TWh)** 2010 (TWh) 2010
Northeast PN (NEPN) 5.4 31 143.0 47.5 213.75 177.7 +36.1
North China PN (NCPN) 7.1 34 176.5 51.0 229.5 253.5 -24.0
East China PN (ECPN) 8.2 41.5 202.5 75.5 339.75 320.1 +19.7
Central China PN (CCPN) 7.9 36.2 159.0 67.4 303.3 245.4 +57.9
Northwest PN (NWPN) 51 15.7 70.0 214 96.3 84.9 +11.4
South China PN (SCPN) 6.8 43 164.3 63.4 285.3 228.1 +57.2
Fujian PG (FIPG) 8.8 7.3 29.0 12.4 55.8 48.1 +7.7
Shandong PG (SDPG) 7.3 16.5 83.9 25.0 1125 123.4 -10.9
Sichuan & Chonging PG (CYPG) 5.9 12.6 58.1 21.4 96.3 75.8 +20.5
Hainan Provincial Grid (HNPG) 2.8 15.7 3.4 1.7 7.65 34 +4.2
Xinjiang Autonomous Region (XJAR) 5.1 1.9 10.2 2.1 9.45 12.3 -2.9
Xizang Autonomous Region (XZAR) 8.5 0.2 0.3 0.2 0.9 0.4 +0.5
Hong Kong Administrative Region 2.8 10.6 36.4 11.0 49.5 36.2 +13.3
Total 6.5 266.2 1,137 400 1,800 1,609 191

* adjusted with provincial GDP-Growth and GDP-Share 1997; ** average power plant duration of 4500h/year

Sources: Electric Power Industry in China 1998; China Statistical Yearbook 1998; authors' calculations




Figure 1: Comparison of demand scenarios to 2010 with other forecasts
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Sources: China Economic Information Net "Report on China's Energy Development"; Energy
Information Administration "International Energy Outlook"; International Energy
Agency "World Energ Outlook 1998"; authors' calculations




Figure 2
Regional electricity surplus/deficit to 2010
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